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This research report describes an interindustry economic 
model of the Maryland Economy for 1970. A method is 
developed for using combinations of national coefficients, 
direct and indirect estimates of State data, and forecasts 
of State data that significantly reduce the traditional 
costs in time and data usually associated with this kind 
of research. 


The Interindustry model is divided into 102 sector classi- 
fications which are comparable to the 1958 and 1963 na- 
tional interindustry model classifications used by the 
Office of Business Economics, U.S. Department of Commerce. 
Income and employment multipliers by industry sector are 
included in the report, along with the usual flow and 
coefficient tables that are parts of an interindustry 
study. 


The study includes an Appendix, which describes, in 
elementary terms, the significance and use of state 
interindustry models for purposes of analysis and 

planning. In addition, an Impact Analysis Program 
is included in the Appendix which shows the effects 


that changes in final demand will have on output, 
value added and employment. 
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I am pleased to transmit herewith the report entitled 
"A 1970 Interindustry Model of the Maryland Economy." 


The model is a major component of an overall Maryland 
State Planning Model which the Bureau of Business and Economic 
Research, University of Maryland, is currently developing under 
a contract with the Department of State Planning. This component 
will be used not only to generate information on State employment 
and income resulting from alternative patterns of development, 
but also to activate sub-models providing information on fiscal 
and environmental consequences. 
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Maryland, like most other states, is currently faced by difficult 
and complex issues in economic and general development. Among these 
high-priority problems are difficulties in financing rapidly expanding 
demands for improvement in the quantity and quality of public services, 
in adjustment to changes in federal, military and non-military expendi- 
ture programs, inflation, in management of natural resource systems, and 
in meeting the challenge of assuring an adequate flow of economic pro- 
duction without environmental damage. 

One highly useful tool of economic analysis for examining these 
issues is the regional interindustry or input-output model. The Bureau 
of Business and Economic Research has a long history of interest in 
developing these tools for use in evaluating the Maryland economy. An 
early model dealing with the State's economy in 197 was published in 
1954.1/ Traditionally, construction of these tables has been extremely 
costly in terms of time, data, and money. Recently, Professor Curtis C. 
Harris, Jr., of the Bureau of Business and Economic Research, has developed 
new methods for producing detailed, flexible state interindustry models 
by using national data, which significantly reduces the costs involved 
in such a project. In order to bring these models to bear upon the 
pressing State planning problems, and to extend their development into 
new areas such as regional economic accounts and environmental analysis, 


the Bureau has entered into a cooperative research agreement with the 


iW) "A Regional Interindustry Study of Maryland," Studies in Business 
and Economics, Volume 8, No. 2, September 195). 
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A 1970 INTERINDUSTRY MODEL OF THE STATE OF MARYLAND 


Introduction 

Readers who lack familiarity with the general concept of interindustry 
models should review Appendix A at this point. Appendix A contains a gen- 
eral explanation of an interindustry model, including a discussion on income 
and employment multipliers. It includes a hvpothetical example which has 
been designed as a small scale replica of the actual State of Maryland model. 
The foreward descriptions preceeding each of the computer generated tables 
refer to many of the tables used in Appendix A. 

The Interindustry Model of the Maryland Economy (henceforth referred to as 
the Maryland model), contains 102 sector classifications divided into 3 major 
categories: 92 industry sectors, 3 payment sectors, and 7 final demand 
sectors. Table A.1 provides a complete listing of the sectors with their 
accompanying Standard Industrial Classification (SIC) codes. The mixing of 
2, 3 and 4 digit SIC levels (rather than attempting to use all one level) 
to describe industry sectors is necessary so as to maintain compatability 
of data collected from many and varied sources. The sector classifications 
are comparable to the 1958 and 1963 national interindustrv model ag published 
by the Office of Business Economics (OBE).2 

The 92 industrv sectors category contains 88 sectors that are considered 
regular industry classifications, with the remaining 4 industries being 


specially constructed classifications. Business Travel and Entertainment 


lyvs. Department of Commerce, Survey of Current Business, September 
1965, April 1966, and November 1969. 


Aas 


No. 


-2- 


Table A.1 


SECTORS IN THE REGIONAL INTERINDUSTRY MODEL WITH 
STANDARD INDUSTRIAL CLASSIFICATION (SIC) CODES 


Name 


Industry Sectors 


Livestock 

Crops 

Forestry & Fishery Products 
Agricultural Services 
Iron Ore Mining 
Non-Ferrous Ore Mining 
Coal Mining 

Petroleum Mining 
Minerals Mining 
Chemical Mining 

New Construction 
Maintenance Construction 
Ordnance 

Meat Packing 

Dairy Products 

Canned & Frozen Foods 
Grain Mill Products 
Bakery Products 

Sugar 

Candy 

Beverages 

Misc. Food Products 
Tobacco 

Fabrics & Yarn 

Rugs, Tire Cord, Misc. 
Textiles 

Apparel 


SIC Code(s) 


Part 01, Part 02 

Part 01, Part 02 

08, 09 

071, 072, 073, 074 

101, 106 

102, 103, 104, 105, 108, 109 
a, we 

131, 132 

141, 142, 144, 145, 148, 149 
147 

138, Part 15, Part 16, Part 17 
Part 15, Part 16, Part 17 

19 

201 


QII222 223,ac24, 2eb,e 228 
227, 229 


225, 23, 3992, -239 


Household Textiles & Upholstery 239 
Lumber & Prod. Exc. Containers 24, -244 


Wooden Containers 

Household Furniture 

Office Furniture 

Paper & Prod. Exc. Containers 
Paper Containers 

Printing & Publishing 

Basic Chemicals 

Plastics & Synthetics 

Drugs, Cleaning & Toilet Items 
Paint & Allied Products 
Petroleum Refining 

Rubber & Plastic Products 
Leather Tanning 

Shoes & Other Leather Prods. 


311, 312 
31, -311, -312 


eye 


Table A.1 
(continued) 
No. Name SIC Code(s) 
Industry Sectors 
43 Glass & Glass Products B21 Bi228e3/23 
44 Stone & Clay Products 324, 325, 326, 327, 328, 329 
45 Iron & Steel 331, 332, 3391, 3399 
46 Copper 3331, 3351, 3362 
47 Aluminum 3334, 3352, 3361 
48 Other Non-Ferrous Metals 3332, 3333, 3339, 334, 3356, 3357, 
3369, 3392 
49 Metal Containers 341, 3491 


50 Heating, Plumbing, Struc. Metal 3438, 344 
51 Stamping, Screw Machine Prod. 345, 346 
52 Hardware, Plating, Wire Prod. 342, 347, 348, 349, -3491 


53 Engines & Turbines 351 
54 Farm Machinery & Equipment 352 
55 Construction & Mining Mach. 3531, 3532, 3533 


56 Material Handling Equipment 3334, 3535, 3536, 3537 
57 Metalworking Machinery & Equip. 354 
58 Special Industry Machinery 355 
59 General Industrial Machinery 356 
60 Machine Shops & Misc. Mach. 359 
61 Office & Computing Machines 357 


62 Service Industry Machines 358 

63 Electric Apparatus & Motors S615 362 

64 Household Appliances 363 

65 Electric Light & Wiring Equip. 364 

66 Communication Equipment 365, 366 

67 Electronic Components 367 

68 Batteries & Engine Elec. Equip. 369 

69 Motor Vehicles 371 

70 Aircraft & Parts 372 

71 Ships, Trains, Trailers, Cycles 373, 374, 375, 379 
72 Instruments & Clocks 381, 382, 384, 387 


73 Optical & Photographic Equip. 383, 385, 386 
74 Misc. Manufacturing Products 39, -3992 


75 Transportation 40, 41, 42, 44, 45, 46, 47 

76 Communication 481, 482, 489 

77 Radio, TV Broadcasting 483 

78 Electric Utility 491, 4931 

79 Gas Utility 492, 4932 

80 Water Utility 494, 495, 496, 497 

81 Wholesale & Retail Trade BO, bys Gi, beh Be, bit Bi¢5 GS, bY) 
82 Finance & Insurance 60, 61, 62, 63, 64, 66, 67 

83 Real Estate & Rental 65, -654 

84 Hotels, Personal & Repair Sve. 170, 72, 76, -7694, -7699 

85 Business Services 654, 73, 7694, 7699, 81, 89, -736, -892 


86 Automobile Repair Services 75 


aaa 


Table A.1 
(continued) 
No. Name SIC_Code(s) 
Industry Sectors : 
87 Amusements & Recreation 78, 79 
88 Medical & Educational Instit. 736, 80, 82, 84, 86, 892 
89 Business Travel, Entertainment 
90 Office Supplies 
91 ‘Government Industry' 
92 'Domestic Service Industry' 
Payments Sectors 
93 Foreign Imports 
94 Regional Imports 
95 Value Added 
Final Demand Sectors 
96 Personal Consumption Expenditures 
97 State and Local Government 
98 Federal Civilian Government 
99 Federal Defense Expenditures 
100 Capital Formation 
101 Net Foreign Exports 


102 Net Regional Exports 


(#89) and Office Supplies (#90) represent dummy industries. The Government 
Industry (#91) rather than including government enterprises is set up to 

record value added by individual government units. The employment of domestic 
help by households is represented by the Domestic Service Industry (#92). The 
addition of industries #91 and #92 ensures that the sum of value added by 
industry and the sum of the final demand sectors equals the Gross State Product. 

Two sectors, Regional Imports (#94) and Net Regional Exports (#102), while 
represented in the Maryland model, would have no place in a national inter- 
industry model. These sectors report imports from, and exports to, other 
regions within the United States. The sectors Foreign Imports (#93) and Net 
Foreign Exports (#101) report the imports from, and exports to, foreign 
countries. 

The data for the 1970 Maryland Interindustry Model are a combination of 
direct estimates and indirect estimates. The direct estimates include fore- 
casts as well as actual data, and the indirect estimates are derived by apply- 
ing national technical coefficients to Maryland totals. The forecasts are 
made with the author's Regional Forecasting Model, which is based on 1965 and 
1966 data. 


4 
Estimated employment by industry ,- income? and price indices were 


sveeadled descriptions of the 1965 and 1966 data estimating procedures 
will appear in a forthcoming publication. See also "'A Multiregional, Multi-industry 


Forecasting Model," Papers of the Regional Science Association, Volume XXV, 
1970. 


2 
1970. 


U.S. Department of Commerce, Bureau of Census, County Business Patterns, 


3 
U.S. Department of Commerce, Office of Business Economics, Survey of 
Current Business, August 1971. 


‘University of Maryland, Bureau of Business and Economic Research, Inter- 


industry Forecasting Project and U.S. Department of Commerce, Office of Busi- 
ness Economics, Survey of Current Business July 1970 and July 1971. 


-6- 


obtained for 1970 and the Regional Forecasting Model was used to derive the 
other 1970 data estimates needed for the interindustry model. In other words, 
the 1970 relationships between employment (and income) and other variables as 
given by the forecasting model were applied to the actual 1970 employment and 
income. The price indices were used to convert values expressed in 1966 


prices to values expressed in 1970 prices. 


Maryland Supply and Demand 

Data are not available on Maryland's regional exports and imports to 
other regions within the United States; therefore it is necessary to estimate 
Megane regional supply and demand by industry sector and compute net 
regional exports as a residual. Table A.2 illustrates the data availability 
of the components of regional supply and demand. The sections of the table 
filled in with diagonal lines are those for which data estimates are avail- 
able; national coefficients are used to fill in the other sections. Computer 
Generated Table C.1 displays the major components of supply and demand for 
each industry sector. 

Maryland's supply is made up of two components--output produced by 
industries within Maryland and foreign imports entering the United States 
through Maryland ports. Output is measured in producers' prices, i.e. in 
factory prices before transportation and trade margins have been added. The 
output entries for the Transportation (#75) and Trade (#81) sectors represent 
mark-up margins, or the differences between the value of the goods when the 
sectors acquire them and the value when they dispose of them. In the New Con- 
struction industry (#11), the figure for output is value added. This is 


because all new construction is classified as capital formation and the total 
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=3= 
value of construction output and the construction input requirements are 
included in the Capital Formation column (#100). The output in the Govern- 
ment Industry (#91) and the Domestic Service Industry (#92) also represent 
value added. 

The foreign imports as given in Table C.1 are estimates of goods 
entering the United States through ports in Maryland; they do not measure 
the amount of foreign imports used within the state. The entries by 
industry sector represent "transferred" imports as defined by OBE; they 
are intermediate goods purchased by the industry sectors that compete 
directly with American goods. The number in the Directly Allocated Imports 
row and the Foreign Imports column of Table C.1 is an estimate of foreign 
imports entering the State of Maryland that are classified by purchasing 
sector. The foreign imports are valued as they enter the United States. 

As shown in Table C.1, Maryland demand is deliniated into seven major 
aggregations. The intermediate demand as illustrated in Table A.2 was 
derived initially for each column of the industry-by-industry matrix by 
multiplying Maryland's regional output times the national technical coeffi- 
cients. Let qi; be the flow of goods from industry i, no matter where 


located, to industry j located in the State of Maryland. Then 
Bist = iP 
(B.1) 445 = % (P;,/ ;> 


where Q; is the Maryland output of industry j, P; is the national output of 


j and Pij is the national flow of goods from industry i to industry j. Then 


=om 
intermediate demand by industry, DiGe as shown in Table C.1 is 
92 


(B.2) D, == q 
{ j=l ij 


This method of deriving intermediate demand assumes that Maryland's 
regional technical coefficients (a4 5/2) are identical to the national co- 


efficients (py 4/P ). For most industries the equality between the coeffi- 


j 
cients is a fairly accurate assumption. For example, in order to produce 
the same quality aluminum, virtually the same amount of bauxite would be 
required no matter where the aluminum plant was located. However, if the 
quality mix of aluminum production varies by location, then the input coeffi- 
cient would also vary by location. 

The reasons for regional variation in the technical coefficients can 
be classified into three interrelated groups--(1) different technological 
processes used in production, (2) different prices for the intermediate goods 
creating qifecrene input mixes, and (3) different product composition of the 
industry. In the industry classification sectors the industries that are 
expected to have the most regional variation in technical coefficients are 
the agricultural, mining, chemical, electric utility, and miscellaneous manu- 
facturing industries. The agricultural, chemical, and miscellaneous manu- 
facturing sectors each produces numerous different types of products. For 
example, the product mix in crop production for the State of Marvland varies 
considerably from that of other regions. Similarly the prices of fuel vary 
greatly with the accessibility of the fuel, which used as inputs creates 
variability in the electric utility industry. In some mining industries 
inputs vary because of the different quality of ores being mined. 


In the final demand section of Table 4.2, direct estimates by industry 


A O= 

sector were available for personal consumption expenditures, foreign exports, 
and federal defense expenditures. Personal consumption expenditures were 
estimated from retail sales data and represent the value, in producers' prices, 
of goods and services bought in Maryland. The foreign exports are the value, 
in producers’ prices, of goods going out of the United States through ports 

or other points of exit in the State of Maryland. The defense expenditures 
are measures of prime contracts in Maryland. It is assumed that the location 
of demand for defense goods is the location where the goods are produced. 

In order to derive the demand for the federal civilian government expendi- 
tures by industry sector, regional totals were estimated separately for NASA, 
government enterprises, and general government expenditures; then national 
technical coefficients were applied to each total and the results bv industry 
sector were summed together. There were four exceptions to this rule, however: 
Regional ‘'sales'’ to the federal government from the Livestock (#1), Crops 
(#2), Forestry and Fisheries Products (#3), and Lumber Products (#28) indus- 
tries were estimated directly. These four industries are also industries for 
which the government performs some of the industry's functions, and these 
transactions are recorded as negative entries in the national matrix so that 
the sum of the industry's sale is equal to the domestic private output. In 
1970 the net value of the transaction with the federal government was nega- 
tive in two of the above four industries and in seven other industries. These 
activities include the leasing of timber rights from government owned lands, 
mine inspections, printing and publishing, and the selling of government 
owned inventories of agricultural products. 

The demand for state and local government expenditures by industry sector 


is derived by applying national coefficients to the Maryland total. The state 


-ll- 
and local government enterprises that have not been reallocated to the pri- 
vate industry sectors are included in the Maryland total and the national 
coefficients. The possibility of negative coefficients exists. For example, 
state and local governments furnish agricultural and mining services in the 
form of inspection and regulation, and recreation services through schools 
and community programs. The total value for state and local governments is 
consistent with the OBE concept of expenditures and not with the concept 
used by the Bureau of Censusey 

Public construction at all levels of government is not included in with 
governmental expenditures; it is classified as part of capital formation. 

The Capital Formation column as given in Table C.1 was estimated by 
applying national capital coefficients to Maryland's total estimates of equip- 
ment purchases by 69 purchasing sectors and to Maryland's estimates of total 
construction by 17 types of private construction and 11 types of public con- 
struction, and summing for each industry sector. The same problem of using 
national coefficients exists here as it did in estimating intermediate demand. 
There may be variation in the Maryland coefficients, particularly in con- 
struction, since the availability of materials for the State of Maryland will 
be different than for other regions. For example, where Maryland may build 
mostly brick houses, other regions may build mainly frame houses. The exten- 
sive detail used, however, in deriving Capital Formation helps to overcome 
some of the problems of assuming that there is no regional variation in the 


coefficients. 


Tyor a statistical reconciliation see U.S. Department of Commerce, 


Survey of Current Business, July 1968, Table 3.13. 


== 

The difference between Maryland supply and Maryland demand is net Mary- 
land exports, as shown in the last column of Table C.1. A negative sign 
indicates that Maryland imports from other regions in the United States, 
while a positive sign indicates that Maryland exports to other regions in 
the United States. Maryland's gross regional exports and imports would be 
higher than the net figures estimated here since undoubtedly there would be 
cross-hauling (both exports and imports) of commodities in most industry 
sectors. 

Technical Coefficients 

The Maryland model requires national technical coefficients and those 
used were acquired from the interindustry model developed by Professor Clopper 
Almon of the University of Maryland. The Almon model is an update of the 
1963 OBE model to 1970 with a major exception involving the procedure for the 
handling of secondary products. Industrial plants producing more than one 
product are classified by the primary product that they produce; however, they 
may also produce secondary products. For example, in the Chemical industry, 
chemicals are primary products, but for the Petroleum Refining industry chemi- 
cals are a secondary product. Almon uses the information on secondary pro- 
ducts to construct a product-to-product matrix, whereas OBE treats secondary 
products as transfers from one industry to another. 

In the OBE model, the value of chemicals produced in the Petroleum Refin- 
ing industry is counted as part of the total output for the iinduewee and as 
a sale to the Chemical industry. This same chemical output is then counted 
as part of the total output of the Chemical industry and is distributed to 


purchasers in the same way that the primary chemicals are distributed. The 


lit is a 1970 version of the model described in his book, The American 
Economy to 1975 (New York: Harper and Row, 1966). 


oe 
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output figures therefore reflect double counting and the resultant input co- 
efficients would be misleading. The chemicals produced by the Petroleum 
Refining industry are lumped together with the petroleum products actually 
bought by the Chemical industry as input. In this instance the coefficients 
would indicate the Chemical industry to be much more dependent on the Petro- 
leum Refining industry for their input than would actually be the case. 

In contrast, the Almon model groups together all like products, without 
regard to the sector in which they are produced. Therefore the output of 
the Chemical industry is the value of all chemicals produced and does not 
include the value of secondary products produced in the Chemical industry. 
This grouping results in a transactions table that is a product-to-product 
table. 

One additional difference between the Almon and OBE models involves the 
handling of foreign imports. OBE classified foreign imports into two cate- 
gories: 1) directly allocated imports and 2) transferred imports. The first 
category includes imports for which there is no American counterpart and 
imports purchased by final users (e.g., consumers) in substantially the same 
form in which they were imported. These imports are classified by the sector 
using them and not by the type of product. The category, transferred imports, 
are direct substitutes for American goods that are used as intermediate goods 
for the production of other domestic goods. OBE treats these transferred 


imports like secondary products; they are recorded as a sale from the import 


lin deriving the product-to-product table, most of the output of govern- 
ment enterprises is reallocated to the private sectors. For example, the 
output of government owned electric utilities is classified as part of the 
Electric Utility industry. 
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sector to the industries that produce the similar domestic goods, then they 
are added to output of those industries and distributed to purchasers the 
same way that the domestic production is distributed. 

The Almon model handles transferred imports in a manner consistent with 
the product-to-product transactions table. These imports are recorded as an 
additional final demand sector and given a negative sign so that the sum of 
each row is equal to the domestic production. For example, the transaction 
showing the sale of iron ore from the Iron Ore Mining industry to the Iron 
and Steel industry includes both domestic and foreign ore, therefore it is 
necessary to subtract out the value of imports from the Iron Ore Mining 


industry row in order to derive the domestic value of iron ore production. 


State of Maryland Tables 

Once Maryland's supply and demand is estimated for each industry sector, 
an interindustry transactions table can then be constructed. The interindus-— 
try transactions table (Computer Generated Table C.2) shows the flow of goods 
and services from producers to purchasers in the state of Maryland. 

The derivation of the transactions table starts with the allocation of 
regional imports to the purchasing sectors. This allocation is made under 
the assumption that if an industry requires regional imports in order to meet 
the demand for its products, then all purchasing sectors other than defense 
expenditures share equally between those goods produced in Maryland and those 
that are imported. For example, if one-half of the non-defense requirements 
are imported from other regions, then it is assumed that each requirement is 
met with one-half imports from other regions and one-half Maryland goods. 


These imports are subtracted from the requirements of each purchasing sector 
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and accumulated into a newly created regional import row. This procedure 
is followed for each industry importing from regions outside the State of 
Maryland. The completed regional import row shows the amount of regional 
imports required by each industry classified according to the sector using 
the import rather than the producing sector. By definition, defense expendi- 
tures in Maryland are for goods or services produced in the State of Maryland 
and for this reason are excluded from the adjustment process. 

Preceeding the allocation of the regional imports, the foreign export 
and foreign import columns (as shown in Table C.1) were combined into a net 
foreign export column. During the allocation procedure adjustment was made 
only to positive net foreign exports; excluded from adjustment were negative 
foreign exports (actually imports). This procedure was followed under the 
assumption that foreign exports consist of goods produced both in Maryland 
and other regions. After the regional import allocation is made, the result- 
ing entry in the regional import row (#94) and net foreign export column 
(#101) is an estimate of those goods passing through the State of Marvland 
for foreign destinations. 

Given that it is net imports and not gross imports that are being allo- 
cated, there exists an implicit assumption that an industry's input vequive= 
ments are satisfied from local production where local production is available 
and sufficient. Only when local production is insufficient are imports used, 
and only when local demand is insufficient is local production exported. 

The next allocation step was to distribute net foreign imports to the 
sectors using them. Foreign imports were distributed to the industry sectors 
and the regional export sector under the assumption that such purchasing 


sectors share equally in using foreign imports and domestic production to 
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meet their input requirements. For those cases where the demand of the re- 
gional export and industry sectors was less than the foreign imports, the 
remaining imports were allocated to the final demand sectors, with the normal 
exclusion of defense expenditures. In the adjustment procedure foreign 
imports are subtracted from the purchasing sector input requirements and 
accumulated into the foreign import row, which already contained the directly 
allocated imports. After completion of the adjustment process the foreign 
imports row contains all imports classified by the purchasing sectors. The 
possibility exists for an entry in the foreign import row (#93) and the net 
regional export column (#103), representing an estimate of goods coming into 
the United States and passing through the State of Marvland to other regions 
in the United States. 

Maryland's interindustry transactions per dollar of output are shown in 
Computer Generated Table C.2. This table is a natural extension of the trans- 
actions matrix, where every entry (each row and each column) of the trans- 
actions matrix is divided by the Maryland output. The column entries through 
industry row #90 are the input coefficients used in deriving the interdependence 
coefficients. 

The derivation of the interdependence coefficients is accomplished by 
taking the inverse of an identity matrix minus the input coefficient matrix. 
This procedure is illustrated in Appendix A, equation set (B.4). The coeffi- 
cients derived show both the direct and indirect requirements per dollar of 
delivery to final demand. Computer Generated Table C.4 reports the inter- 
dependence coefficients for the State of Maryland. The table shows the 
direct and indirect output of each industry, listed as a row, that is required 


as an input to produce one dollar of output of the industry, listed as a 
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column, for delivery to final demand. Note that because of the interdepen- 
dence of the industries the intraindustry coefficient is greater than one 
dollar. 

In addition to direct and indirect effects, exogenous changes in final 
demand can create induced effects. As output increases, so do income pay- 
ments, and as income increases so does personal consumption. The increase 
in consumption stimulates more output; output creates more income, and so on. 
In order to derive the induced effects on output from an exogenous increase 
in final demand, the consumption expenditures column and value added row are 
included in the input coefficient matrix and a new inverse is derived. Com- 
puter Generated Table C.5 shows the direct, indirect, and induced output of 
each industry, listed as a row, that is required to produce one dollar of 
output of the industry, listed as a column, for delivery to final demand. 
The coefficients in the consumption column before the inverse is taken are 
derived by dividing each personal consumption entry, as shown in Computer 
Generated Table C.2, by the total value added. In this way the sum of the 
consumption coefficients for all industry sectors is equal to the marginal 
(and average) propensity to consume locally produced goods out of the income 


produced locally. 


Maryland's Multipliers 
Income multipliers are crucial to any interindustry analysis and are shown 
for the State of Maryland in the value added row of Compute Generated Table 
C.5. In particular, these entries show the direct, indirect and induced 
changes in value added (income produced) per dollar change in exogenous demand ™. 
for the output of the industry listed as a column. An especially interesting 


entry is in the personal consumption expenditure column (#96) and value added 
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row (#95). This entry is the endogenous change in value added per dollar 
change in value produced by the personal consumption sector. If the State 
of Maryland were a closed economy with no intermediate import leakages, 

then this entry's value would be the income multiplier of each industry; 
i.e., a dollar increase in final demand would produce a direct and indirect 
change of one dollar in value added. However, because it is necessary to 
import in order e produce, all of the actual industry multipliers are less 
than the described "ideal" multiplier. It should be noted that the larger 
an industry's income multiplier, the less imports are relied upon to produce 
an industry's output. 

The income multipliers by industry sector are presented in column three 
of Computer Generated Table C.6. The first column of this table indicates 
the direct effect on value added from a dollar's increase in final demand; 
i.e., the immediate change in value added necessary to produce the goods. 

The second column indicates the direct and indirect effect on value added; 
i.e., the change in value added after all of the interindustry effects have 
taken place. If there were no import leakages, the entries in the second 
column would all have a value of one. The entries in column three are compu- 
tationally related to those of column two by a constant (column 3 equals col- 
umn 2 multiplied by the constant), where the constant is equal to the value 
in the Personal Consumption column (#96) and the Value Added row (#95) of 
Table C.5. The values in column two can be computed directly from the inter- 
dependence coefficients in Table C.4 by converting the output coefficients to 
value added. 

Two additional types of multipliers, labeled Type I and Type II, are pre- 


sented in Table C.6, and although common to most interindustry studies, care 
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must be taken so as not to confuse them with those multipliers in columns 2 
and 3. The Type I multiplier is computed by dividing the direct and indirect 
change in value added by the direct change, while the Type II multiplier is 
computed by dividing direct change into direct, indirect and induced change 
for each industry sector. Definitionally, the Tvpe II multiplier would be 
the "direct, indirect and induced change in value added per dollar of direct 
change in value added due to some exogenous change in final demand.'' The 
change in final demand necessary to produce one dollar of direct value added 
would equal the ratio of output to value added of the industry for which the 
multiplier is being computed. 

Employment and employment multipliers are shown in Computer Generated 
Table C.7. Employment is recorded in the first column, while the next three 
columns are similar to the first three in Table C.6. The change in value 
added by sector has been converted to employment by applying employment- 
output ratios to the input and interdependence coefficients instead of the 
value added-output ratios. The last two columns show the change in employment 
per direct employment of one worker in response to an exogenous change in 


final demand. 


lthe principle data source is U.S. Bureau of Census, County Business 
Patterns. 
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APPENDIX A 


A GENERAL DESCRIPTION OF INTERINDUSTRY ECONOMIC MODELS 


Introduction 

An interindustry table is a working model of an economic system. The 
model has important characteristics which make it useful in describing the 
nature of an economy, in analyzing the interrelationships among all of the 
activities within the economy, and in forecasting the future state of the 
economy, given various assumptions about critical variables. 

Interindustry models can be constructed for the nation, for small regions, 
or for groups of regions. The essential characteristic of a model is that 
it separately identifies all of the industries, sectors, and activities of 
the economy and measures the interrelationships among these activities. These 
interrelationships are shown by accounting for all sales and purchases of 
the industry sectors. 

The importance of accounting for all of these interindustry flows is 
that they result in a general equilibrium model and that these general equili- 
brium relationships make it possible for the interindustry model to reveal 
how growth or other changes in the economy are likely to affect such critical 


variables as employment, income, and production. 


lor general reading on interindustry models, see: Leontief, Wassily 
W., The Structure of American Economy, 1919-1939 (New York: Oxford Uni- 
versity Press, 1951); Chenery, Hollis B. and Paul G. Clark, Interindustry 
Economics (New York: John Wiley & Sons, 1964); Miernyk, William H., The 


Elements of Input-Output Analysis (New York: Random House, Inc., 1967). 
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The Interindustry Transactions 

Just as interindustry models can be constructed for any region, or 
set of regions, they can disaggregate the economy into as many separate 
industries or activities as data sources and research permit. For example, 
as a demonstration model, Table B.1 shows a hypothetical example of an inter- 
industry model for a regional economy with three intermediate processing 
activities (agriculture, manufacturing, and services) and various consuming, 
or final demand sectors (personal household consumption, government purchases, 
capital formation, and net exports). Activities are divided into the 
industry processing or endogenous sectors, shown in the upper left section 
of Table B.1; the payments sectors; and the final demand or exogenous sec- 
tors. The processing sectors are referred to as endogenous because they are 
assumed to be dependent parts of the system with activity levels determined 
primarily by the exogenous final demand sectors. 

The sizes and composition of the exogenous or final demand sectors are 
assumed to be independent and are determined by such factors as consumers’ 
tastes, investors' expectations, governments’ policy decisions, and by changes 
outside the region which affect export transactions. 

These final demand and payments sectors are of particular significance 
in interindustry models. The import rows show purchases from other regions 
and from abroad. The smaller, more specialized, and less self sufficient a 
region is, the larger is likely to be the percentage that imports are of the 
total purchases of an activity. The same is true of the exports to other 
regions and to other nations. Regional development theory attaches particu- 
lar importance to the objective of increasing exports to bring income into 


the region, and of reducing imports through import substitution in order to 


APRs 


reduce the leakages of funds outside the region. 

The value added row is of major importance because it measures the flow 
of income to labor, management, and investors earned by their sales of ser- 
vices to each activity. This row also includes business taxes and other re- 
venues paid to the government sector, and the economic consumption (deprecia- 
tion) of capital goods. The use of these earnings or receipts is shown in 
the personal consumption expenditure column, indicating how consumers spend 
their incomes, and in the government and capital formation column which shows 
the distribution of purchases or expenditures by government and investors. 
Note that the sum of value added, $1500 million, is equal to the sum of the 
final demand sectors when imports are entered into final demand as a balanc- 
ing item. This figure is also referred to as the Gross Regional Product and 
is equivalent, in concept, to the Gross National Product. 

Reading across row 1 for the agriculture sector indicates the distribu- 
tion of sales by all agricultural activities in the region in the base year, 
1970. The first figure in the first cell in row 1 indicates that agricul- 
tural firms sold $10 million of agricultural products to ther agricultural 
firms (e.g. sale of feed grains to cattle producers). The remaining figures 
in row 1 indicate $100 million of sales to manufacturing (e.g. food proces- 
sors) and $20 million to service activities (e.g. medical and educational 
institutions). Figures in the final demand cells of row 1 indicate agricul- 
ture sold $200 million to consumers, $70 million to government and investors, 
and exported $100 million outside the region, accounting for $500 million of 
total sales for the year. 

Because every sale by an activity is also by definition a purchase by 


the purchaser, the figures in the cells of a column indicate the purchases 
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by the activities named at the head of the column. Therefore column 1 shows 
purchases by the agricultural sector, not only of the $10 million already 
noted from agricultural activities, but also of $200 million from manufactur- 
ing, and $50 million from service activities (e.g. equipment repairs). 

Figures in the cells of the exogenous sectors of column 1 indicate that 
agricultural activities also made $40 million of purchases from outside the 
region for use as inputs in the agriculture production process. The value 
added figure of $200 million indicates that agricultural activities incurred 
this amount for payments of income, profit, depreciation and taxes. 

The column total for agriculture, $500 million, is equal to the row 
total, because inputs or purchases in each sector are assumed to be equal 
to outputs or sales, with profits or losses in the value added sector serv- 
ing as a residual balancing item. 

In Table B.1 there are two import rows and two net export columns. The 
foreign exports and imports refer to international trade and the figures re- 
present value of goods entering or leaving the United States through points 
of entry oF exit within the region under study. The regional exports and 
imports refer to intranational trade; that is, goods going to or coming from 
other regions in the United States. If foreign goods enter the United States 
through ports in other regions and then shipped to the region under study, 
they would be classified as regional imports. Similarly, goods produced in 
the region and shipped to other regions for export to other nations are 
recorded as regional exports. 

There are several entries to note regarding exports and imports. First 
the service industry shows exports of its services. Exports represent dollars 


flowing into the region; therefore services performed for persons or entities 
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residing outside the region would be classified as exports. An example 
would be performing banking services for someone outside of the region. 
Notice that there is an entry from foreign imports to net regional exports. 
This represents goods entering the United States through points of entry in 
the region and then shipped to other regions in the United States. Similarly, 
the figure between regional imports and net foreign exports represents goods 
shipped into the region from other regions in the United States and exported 
to other nations through points of exit in the region. Finally, note the 
negative entries in the two import rows. These are the total imports and 
are entered as balancing items to assure that the sum of the final demand 
items will equal the gross regional product. 

The interindustry transactions model shown in Table B.1 provides a 
valuable picture of an economy. It measures the total size of the economy 
and identifies the components which make it up, indicating the magnitude 
of the contribution each type of activity makes to the total. In addition, 
the transactions table indicates the exact nature of the interrelationships 
among these local economic activities and their linkages with activities 
outside the region. The table also draws attention to the final demand 
sectors which are assumed to determine the level and composition of activi- 
ties throughout the economy. Beyond this, the transactions table has addi- 
tional characteristics which permit it to be used in various transforma- 
tions for further analytic and forecasting purposes, as described below. 

Direct and Indirect Requirements 

One valuable transformation of the transactions table is the table of 

direct requirements, or table of input coefficients, as shown in Table B.2. 


For the moment disregard the P.C. column and V.A. row. 
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Table B.2 


DIRECT REQUIREMENTS PER DOLLAR OF REGIONAL OUTPUT 
(INPUT COEFFICIENTS): HYPOTHETICAL EXAMPLE 


Industry Sector 


1 2 3 P.C. 

1. AG 02 -09 -02 13 
27) MEG -40 03 25 -13 
3. SVC -10 - 36 -02 .27 
V.A. -40 45 - 67 -00 


Each entry in Table B.2 in each column shows for each dollar's worth 
of output produced by the industry named at the top of the column, the dol- 
lar value of inputs required from each industry named in the corresponding 
row. For example, the figures in column 1 of Table B.2 indicate that in 
order to produce $1 of output in industry 1 (agriculture), $.02 worth of 
inputs were required from other agricultural activities, $.40 of input pur- 
chases were required from activity 2 (manufacturing), and $.10 of purchases 
were required from service activities. These input coefficients are com- 
puted simply by dividing each transaction entry in Table B.1 by the dollar 
total of transactions indicated at the bottom of the corresponding column. 
The assumptions that these input relationships remain reasonably stable 
over time and that they are independent of the level of activity are basic 
to the use of interindustry models. 

The input coefficients are significant both inevineieaniys and as an 
intermediate step towards the derivation of further analytic measures. The 
primary value of these coefficients is to indicate for every expansion in 


the total output of a local industry, how much direct additional sales every 
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other local industry can expect to deliver to that expanding industry, or 
conversely, for every dollar of contraction in a local activity how much 
direct decline in sales will be felt by local supplying industries. 

Table B.2 of input coefficients is valuable for computing the first 
round of direct impacts upon input requirements, but it does not tell the 
complete story, nor does it measure the total direct and indirect require- 
ments that each activity must purchase in order to sell to final consumers. 
When an activity produces an additional $1 of output it must purchase inputs 
in the proportions indicated by Table B.2. However, the activities which 
provide these added inputs must also purchase new inputs, according to their 
sets of input coefficient requirements. Therefore added sales to final 
consumers set off a sequence of new production activity to supply indirect 
input requirements. 

The sum of all of these direct and indirect input requirements could 
be computed laboriously using the table of input coefficients and going 
through several rounds of computations. For example, in order for the agri- 
cultural sector to produce one dollar's worth of output for delivery to 
final demand, it must, as shown in Table B.2, purchase $.02 of agricultural 
inputs, $.40 from manufacturers, and $.10 from services. In order for the 
manufacturing sector to produce an additional $.40 of output, it must pur- 
chase new inputs from other sectors in proportions shown in column 2 of 
Table B.2. Applying the $.40 to the column of manufacturing inputs yields 
manufacturing input requirements of $.036 of additional agricultural inputs 
($.40 x .09), $.012 of additional manufactured products ($.40 x .03), and 
$.14 of services ($.40 x .36). This is the first round of indirect inputs 


needed to produce an additional $1 of agricultural output, and must be added 


aoge 


to the input coefficients shown in column 1 of Table B.2 in order to begin 
accounting for total direct and indirect input requirements. The dollar 
amounts are much smaller in magnitude than the direct requirements, but 
additional indirect requirements must also be computed, since production of 
the first round of indirect requirements requires new inputs from all sup- 
pliers. Each succeeding round of indirect requirements becomes smaller 

than the previous round. However, in order to arrive at consistent results, 
similar rounds of indirect requirements must be computed for every direct 
input from every activity. The sum of all of these direct and indirect 
inputs could be computed laboriously and totaled for several rounds of in- 
direct requirements until the incremental amounts began to approach zero. 
This process would be extremely time consuming, especially for large tables. 
Fortunately, this computation of total input requirements can be accomplished 
more easily by deriving a generalized solution to the set of simultaneous 
linear equations using matrix algebra methods. 


Table B.1 represents a set of simultaneous linear equations that state 


that 
x, + X19 oF X13 pris xX, 
(B.1) X51 + Xoo + X53 + Y5 = X, 
X31 + X39 + hag + Y3 = Xx 
where 


Xj = total output of activity i, 
1, = amount of Xx sold to activity j, 
ny. = amount of Ky sold to final demand, and 
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Let the input coefficients of Table B.2 be defined as 


/X 


(B.2) a = a j 


Next, solve (B.2) for iy and substitute it into (B.1). Then solve (B.1) 


for the Y,'s and obtain the following set of simultaneous equations: 


7 Sata > Sie > Gags Ya 

(B. 3) X, - a,,X) - an oX5 - a43%3 = Y, 
=~ = = xX = 
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Finally, using matrix algebra solve this set of simultaneous equations for the 


X,'s and obtain 


Pray Dnata Payer ares) 


(B.4) boi¥) + booYo + b53%3 = x, 
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where the b,.,'s are the generalized matrix inverse elements representing the 


ij 


direct and indirect input requirements as shown in Table B.3. The elements 


are often referred to as interdependence coefficients. 
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Table B.3 
DIRECT AND INDIRECT REQUIREMENTS PER 
DOLLAR OF DELIVERY OF REGIONAL OUTPUT 
TO FINAL DEMAND: HYPOTHETICAL EXAMPLE 


Industry Sector 


1 2 3 
AG. 1.07 12 05 
2. MFG 2 1.19 Si! 
Se OMG - 30 45 1.14 


The concept behind Table B.3, accounting for all of the direct and 
indirect input requirements needed to support ultimate sales to final consu- 
mers, is critical in interindustry analysis. Table B.2 merely accounted for 
an industry's inputs per dollar of its total output. However, in order that 
an activity deliver $1 of sales to final consumers, it will be necessary for 
it to increase its total output by more than $1, because in addition to the 
delivery to final demand, it must also sell incremental amounts of its own 
output to other activities, each of which will increase its total outputs 
according to its own structure of input coefficients. 

These relationships can be seen clearly in Table B:3; and in its deriva- 
tion from Tables B.1 and B.2. Each entry in Table B.3 measures the total 
direct and indirect requirements from the activity indicated by the row number 
in order that the activity numbered at the top of the column can deliver $1 
of sales to final demand. Column 1 therefore indicates that in order for final 
consumers to purchase $1 of agricultural output, total production of agricul- 
ture must increase not only by the amount of final delivery, but also by ano- 
ther $.07 which other producers must purchase in order to support their genera- 


tion of inputs into agriculture. 
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The other two figures in column 1 indicate that $1 of agricultural 
products delivered to final consumers also requires production of $.52 of 
manufacturing output and $.30 of service activity. It is significant that 
each element in Table B.3 is larger than the corresponding element in 
Table B.2. Also, in Table B.3, each element on the main diagonal (upper 
left to lower right) is one or greater than one, because the direct and 
indirect requirements for delivery of $1 of output to final demand by defi- 
nition include at least the $1 of output of that activity plus any additional 
output from that activity indirectly required by other producing activities. 

The inverse elements in Table B.3 have considerable significance which 
can be readily demonstrated by referring back to the last set (B.4) of simul- 
taneous equations. The equations show how outputs are dependent on final 
demand. By manipulations of these equations it is possible to forecast the 
total regional outputs which would be needed to support any set of deliveries 
to final demand, whatever might be their total size and composition. 

This important property makes it possible to forecast regional growth, 
by hypothesizing future final demands and deriving the implications, from 
Table B.3, for future totals of regional output. However, it should be noted 
that this forecasting is based upon two important assumptions: (1) that it 
is possible to make acceptably accurate forecasts of regional final demand, 
and (2) that the structure of the input coefficients and inverse elements 
remain reasonably stable over the forecasting period. 

Induced Requirements 

So far we have seen that if final demand expenditures change there are 

both direct and indirect effects on output and input requirements. We also 


know, although it has not been shown, that if output changes, value added 
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(payments for labor, capital and taxes) must also change. If value added 
increases, it is reasonable to assume that the recipients of these incre- 
mental payments will spend part of the added income within the region. If 
they do, then final demand expenditures, particularly personal consumption 
expenditures, will increase, and a new round of output and income effects 
will take place. These rounds will continue until the magnitude of changes 
becomes very small. 

The additional effects due to the spending rounds are referred to as 
induced effects, and in order to account for them the analyst must make some 
explicit assumptions about the relationship between changes in value added 
and changes in final demand expenditures. The changes in final demand will 
be restricted to changes in personal consumption, since personal consumption 
can be considered endogenous in the short run. If income increases, there 
is likely to be an immediate increase in consumption, but the response in 
other final demand categories--government expenditures and capital formation-- 
is not likely to be as automatic. 

Personal consumption is related to income by consumption functions. 
While these functions could take many forms, the simplest would be to assume 
that the marginal propensity to consume each industry's output is equal to 
its average propensity to consume. In Table B.1 the average propensities to 
consume the output of each of the three industries are .13, .13, and .27 
respectively. These are computed by dividing the personal consumption of each 
industry by the sum of the value added. The three computations are 200/1500 
= .13, 200/1500 = .13 and 400/1500 = .27. For every marginal dollar of value 
added the marginal consumption of industry 1's output is assumed to be 13 


cents. 
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Using these consumption functions, the induced effects on output and 
input requirements can easily be found by making the value added row and the 
personal consumption column of the cransacerene table the equivalent of an 
industry activity (often referred to as households). When this is done 
equation sets (B.3) and (B.4) are expanded to four equations. The input 
coefficient of the added row and column are shown in Table B,2 labeled V.A. 
and P.C. respectively. The value added row coefficients are determined by 
dividing output of each sector into value added, and the P.C. column coef- 
ficients are determined by dividing the sum of value added into personal 
consumption expenditures of each Becton 

The new set of inverse elements (the b coefficients in equation set B.4) 
are shown in Table B.4. They measure direct, indirect and induced output 
required from each industry named at the left of the row for each $1 of de- 
livery to final demand from the industry named at the top of the column. Each 
element in Table B.4 is larger than the corresponding element in Table B.3; 
the difference being the induced effects. Comparing the entry for row 3, 
column 1, for example, the direct and indirect requirements are $.30 (Table B.3) 
and the direct, indirect and induced requirements are $.97 (Table B.4), there- 
fore the induced effects are $.67. Comparing Tables B.2, B.3, and B.4 we see 
that when agriculture delivers a dollar's worth of output to final demand, the 
direct requirements from the service industry are $.10, the indirect require- 


ments are $.20 and the induced requirements are $.6/7. 


[The usual practice, as reported in Miernyk, op.cit., is to break out a 
separate "household" row out of the value added row, and to adjust the numbers 
to sum to personal consumption total. This practice is not necessary--it is 
only necessary to have coefficients representing the marginal propensity to 
consume in the P.C. column. The P.C. column coefficients are then found by 
dividing total personal consumption into the consumption entry for each 
industry. See Dorfman, Robert, Paul A. Samuelson, and Robert M. Solow, Linear 


Programming and Economic Analysis (New York: McGraw-Hill Book Company, Inc., 
1958), pp. 245-248. 
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Table B.4 
DIRECT, INDIRECT AND INDUCED REQUIREMENTS 
PER DOLLAR OF DELIVERY OF REGIONAL OUTPUT 
TO FINAL DEMAND: HYPOTHETICAL EXAMPLE 


Industry Sector 


1 2 3) WalGe 

1. AG 1.36 ~41 See)! aes) 
2. MFG 1.04 1.73 -86 .60 
3. SVC 297 1.15 1.85 .78 
V.A. 1.66 NG 7 i A 92 


The use of Table B.4, which easily permits the computation of the 
direct, indirect, and induced effects upon the regional Sc oneny§ allows a 
much more comprehensive and complete projection of the probable impact of 
changes in final demand upon the regional economy than can be made using 
only Table B.3. However, it is important to recognize that the major 
assumption underlying these more complete projections is that income and 
consumption patterns remain in the constant relationships found in the base 
meen 

Income Multipliers 

In addition to measuring and forecasting the basic economic interindustry 
flows in a regional or national economy, Tables B.1 through B.4 permit the 
measurement of income and employment multipliers. From a welfare viewpoint, 
among the most important implications of economic development and of alter- 
native policy decisions are the effects not only on gross flows and total out- 
put, but upon the employment and income of individuals and families. 

Different types of economic change affect the regional economy differently, 


and some types of economic policy may be more efficient than others in 
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achieving regional income and employment goals. Tables B.5 and B.6 indicate 
some of these welfare relationships by measuring different types of income 
and employment multipliers. In these tables value added is used as a measure 
of income. In addition to income payments from industry in the form of 
wages, salaries, profits, and interest, value added includes depreciation 
and business taxes, but does not include transfer payments and interest paid 
by governments and persons. 

Table B.5 presents various types of income multipliers which measure the 
expected increases in regional value added given the assumptions implied by 
Tables B.1 through B.4. Column 1 measures the added income that is generated 
as the result of the direct purchases of inputs required per $1 of regional 
output. These figures are computed simply by dividing each entry in the value 
added row of Table B.1 by its column total (total inputs to that sector). 

This column is the V.A. row of input coefficients (transposed into column 
form) as shown in Table B.2. 

The significance of column 1 in Table B.4 is that it shows how much income 
is produced in the region from the inputs directly required for each dollar 
of sales from each regional industry. The income produced in the region is 
$.67 for each $1 of sales from services, as compared with $.40 from each $1 
of sales of agricultural products. 

The direct plus indirect increments to regional income per $1 of exogenous 
change in final demand by industry sector are shown in column 2 of Table B.5. 
These income multipliers are derived by multiplying each element in column 1 
by its corresponding element in the appropriate columns of Table B.3, and sum- 
ming the results. This procedure converts the industry outputs in Table B.3 


to the equivalent income. For example, the direct and indirect income multiplier 
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for agriculture (.86) is obtained by multiplying in turm each of the direct 
income multipliers in column 1 of Table B.5 by its corresponding element in 
the agriculture column (column 1) of Table B.3 (direct and indirect require- 
ments) and summing the total of these products. The computation is: 
(.40 x 1.07) + (.45 x .52) + (.67 x .30) = .86. 
Table B.5 
INCOME MULTIPLIERS BY INDUSTRY SECTOR: HYPOTHETICAL EXAMPLE 
Change in Value Added 


Change in Value Added per per Dollar of Direct 
Dollar Exogenous Change in Change in Value Added 


Final Demand by Industry Due to Some Exogenous 
Sector Change in Final Demand 
Direct, 
Direct Indirect Type 1 Type II 
and and Multiplier Multiplier 
Industry Direct Indirect Induced (2) = (2) (3) ee) 
Sector QQ) (2) (3) (4) (5) 
1. AG 40 . 86 1.66 2.15 4.15 
2. MFG 45 . 89 IG eal 1.98 3.80 
35 UG 67 92 Is 72/ 1.37 2.64 


The significance of these income multipliers is that they indicate, under 
the assumptions of the model, how much added income can be expected to be pro- 
duced in the region for each $1 of added final demand from each industry in 
the region. Column 2 indicates that after indirect as well as direct effects 
are accounted for, added income in the region is significantly greater than 
is indicated by the direct income effects alone, but income differences result- 
ing from sales by the various industries are reduced. 

In order to estimate the total new income generated in a region by exo- 
genous changes in final demand, it is necessary to add to the direct and in- 


direct income multipliers. The amount to be added is the induced incremental 
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income resulting from the new personal consumption expenditures generated 
by the directly and indirectly generated income. The resulting direct, in- 
direct, and induced income multipliers are shown in column 3 of Table B.5. 

These total income multipliers have been derived already. They are the 
first three entries in the V.A. row of Table B.4. The entries in column 3 
of Table B5 show, for each activity, the total new income generated in the 
region for each $1 of exogenous final demand for deliveries from that activity 
under the assumptions of the model. The income multipliers in column 3 could 
also have been derived in the same manner as those in column 2 only using the 
inverse elements from Table B.4 instead of Table B.3. The computation for 
agriculture is: (.40 x 1.36) + (.45 x 1.04) + (.67 x .97) = 1.66. 

Table B.5 also shows in columns 4 and 5 two additional types of entries 
that are often presented as multipliers, although they differ in concept from 
the income multipliers presented in the first three columns. The Type I 
multipliers shown in column 4 are derived by dividing each direct income 
multiplier in column 1 into the corresponding direct and indirect income mul- 
tiplier in column 2. It should be recognized that these Type I multipliers 
are actually ratios between income multipliers rather than actual income mul- 
tipliers. The same principle is true of the Type II multipliers, which are 
ratios between the larger direct, indirect and induced multipliers of column 
3 and the smaller direct income multipliers of column 1. These Type I and 
II multipliers measure the magnitudes by which direct and indirect income 
multipliers together exceed direct multipliers, and the extent to which direct, 
indirect, and induced multipliers together exceed direct multipliers alone. 
They do not measure the extent to which a $1 exogenous change in final demand 


generates incremental regional value added. 
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In order to produce the added income as shown by the Type I and II mul- 
tipliers, the exogenous change in final demand would have to be greater than 
$1 and the amount would vary by industry sector. The amount would be the 
changes in final demand necessary to produce $1 of direct change in value 
added; therefore they would be equal to the reciprocals of the figures in 
column 1, Table B.5. The changes to final demand for output of industries 
1, 2, and 3 necessary to produce the Type I and II multipliers would be $2.50, 
$2.22 and $1.50 respectively. 

An important aspect of regional income multipliers is that they reflect 
the extent to which added expenditures and production within the region 
remain in the region and generate new income as compared with the extent to 
which they leak out of the region in the form of payments for imports. Other 
things being equal, for any one activity, the smaller the ratio of imports to 
total purchases, the smaller the leakage of expenditures outside the region; 
and the larger the ratio of value added to total inputs, the larger will be 
the regional income multiplier for that activity. If there had been no imports 
in our example, the direct and indirect multipliers in Table B.5 column 2 would 
have been equal to $1.00 for each industry, and column 3 would have been $1.92 
for each industry. 

The $1.92 figure is taken from the bottom right hand corner of Table 
B.4. It is the change in value added that would result from a $1 exogenous 
change in value added produced by the personal consumption sector. If there 
was such an exogenous change, the direct change in value added would be $1.00, 
the indirect change would be zero and the induced change would be $.92. 

Columns 2 and 3 of Table B.5 are related by this $1.92 figure--column 2 


times $1.92 equals column 3. The induced effects do not vary by industry 
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sector since they represent the effects of spending income as personal con- 
sumption items no matter where that income {1s earned. 

The induced effect of $1.92 and thus the multipliers in column 3 of 
Table B.5 could have been computed without deriving the inverse elements as 
shown in Table B.4, although the other information in Table B.4 would have 
been lost. 

Regional Employment and Employment Multipliers 

A major policy objective of a regional economy may be to increase the 
level of regional employment. This goal is particularly important if unem- 
ployment exists in the region and if the new employment positions will actually 
be filled by those previously unemployed in the region. Often increasing 
employment in a region is regarded as an end in itself even if the new jobs 
are filled by immigrants from outside the region, though the welfare implica- 
tions in this case are less clear than when the jobs are filled by the unem- 
ployed in the region. 

In regional economic analysis and planning, it is important to be able 
to forecast the changes in employment which are expected to accompany the changes 
in output and income, since these changes in employment affect migration, 
local rates of unemployment, housing needs and other important variables. The 
information needed for making employment forecasts is given in Table B.6. The 
number of oe in each activity in the base period is given in column l. 

It is assumed that the base-period relationships between employment and 
output are constant over the forecasting period (i.e. productivity and other 
factors are stable), then employment by industry can be forecast. Column 2 
indicates the direct employment change which would be needed to generate the 


production to satisfy an additional $10,000 of exogenous final demand in each 
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activity. Each entry in column 2 is obtained simply by dividing the correspond- 
ing employment figure in column 1 of Table B.6 by the gross regional output 
figure in that industry as given in Table B.1. These direct employment change 
estimates are used in making the more comprehensive employment change figures 
shown in the remaining columns of Table B.6. 
Table B.6 


EMPLOYMENT AND EMPLOYMENT MULTIPLIERS BY INDUSTRY SECTOR: 
HYPOTHETICAL EXAMPLE 


Change in Employment 

per Direct Employment 
Change in Employment of One Worker in Re- 
per $10,000 Exogenous sponse to an Exogenous 
Change in Final Demand Change in Final Demand 


by Industry Sector by Industry Sector 


Direct, 

Employ- Direct Indirect Type I Type II 

ment and and Multiplier Multiplier 
Industry (000) Direct Indirect Induced (@) ten G2) (4) + (2) 
Sector (1) 2) (3) C4) i (5) (6) 
ee AG 50 1.00. 1.92 3.52 WoQe 3654 
Len MEG Es 1100 91 1.76 3.42 193 3.76 
36 SMG 150 1.25 1.76 3.44 1.41 Zot 


The direct and indirect employment multipliers in the region shown in 
column 3 of Table B.6 are obtained for each activity by successively multi- 
plying each of the direct employment multipliers of column 2 in Table B.6 by 
each entry in the corresponding column of Table B.3 of direct and indirect 
requirements, then summing. For example, the first element in column 3 of 
Table B.6 (1.92), the direct and indirect employment multiplier for agricul- 
ture, is computed as: (1.00 x 1.07) + (.01 x .52) + (1.25 x .30) = 1.92. 
The second element of column 3 (1.76) is similarly obtained by multiplying 


the elements of column 2 of Table B.6 by the elements of column 2 of Table B.3 


a= 
and summing; and the third element of column 3 of Table B.6 (which also just 
happens to be 1.76) is obtained by multiplying the same elements in column 2 
of Table B.6 by the corresponding elements of column 3 of Table B.3 and 
summing. 

As in the case of the income multipliers, the employment multipliers for 
the combined direct, indirect, and induced effects are larger than those for 
the direct, or the direct plus indirect. These larger employment multipliers 
are given in column 4 of Table B.6. They are computed by methods analogous 
to those used in computing the multiplier previously discussed. 

The direct, indirect, and induced multiplier (3.52) for sector 1 as shown 
in column 4 of Table B.6 indicates that for every $10,000 exogenous change in 
final demand for agricultural produces. a change of 3.5 jobs would occur in 
the region. This figure is computed by multiplying successively each element 
in column 2 of Table B.6 by the corresponding element in column 1 of Table 
B.4 (direct, indirect, and induced requirements) and summing the results, thus 
(1.00 x 1.35) + (.91 x 1.04) + (1.25 x .97) = 3.52. Element 2 of column 4 of 
Table B.6 is similarly obtained by successively multiplying each element of 
column 2 in Table B.6 by the corresponding element of column 2 in Table B.4 
and summing (to obtain 3.42). Element 3 of column 4 in Table B.6 is obtained 
by multiplying successively each element in column 2 of Table B.6 by the cor- 
responding element in column 3 of Table B.4 and summing (to obtain 3.44). 

Columns 5 and 6 of Table B.6 represent ratios between types of employment 
multipliers, and they resemble the Type I and Type II income multipliers 
shown in Table B.5. They are the changes in employment per direct employment 
of one worker in response to some exogenous change in final demand. The 


change in final demand for the output of agriculture, manufacturing and services 
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would have to be $10,000, $10,989, and $8,000 respectively in order to employ 
directly one more worker. These figures were derived by dividing column 2 
figures into $10,000. 

One very important factor to be emphasized concerning regional employ- 
ment and income multipliers is that, so long as the assumptions underlying 
them are valid, they work in both the positive and negative directions. Thus 
while exports are growing, a region can enjoy the exhilaration of the upward 
multipliers; declines in exports, on the other hand, can reduce regional in- 
come and employment by a multiple of the original drop. Therefore long run 
regional economic prosperity depends more upon the stability and quality of 
growth than upon maximizing its magnitude in any particular period. 

Conclusion 

Now that ‘the assumptions and procedures behind construction of a regional 
interindustry model have been explored, the strengths and weaknesses of such 
models become apparent. Much depends on the extent and quality of the basic 
data incorporated in the model. The reliability of a regional interindustry 
model can be expected to improve in response to the effort devoted to collec- 
tion of recent, directly observed regional data. However, primary data col- 
lection is expensive and time consuming. In the regional model presented 
here, costly collection of the vast amounts of new primary data needed for 
construction of thousands of regional input-output relationships has been 
avoided by making maximum use of available regional data, and bv assuming that 
the basic technological relationships between economic activities within each 
region are reasonably represented by national technological relationships. 

The reliability of the model is limited by the limited number of activi- 


ties separately identified by changes in product mix within these activities, 
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and by the usual assumptions of linear homogeneous production functions which 
have been extensively examined in economic literature. 

Despite these undoubted limitations, the regional interindustry model 
presented here makes possible a wide variety of applications, analyses and 
forecasts. Among the most important of these applications is making regional 
economic forecasts, which can be constructed for any assumed set of final 
demand, or alternatives, so long as the hypothetical final demands used can 
be put into terms of the activities shown in the model. Multiplying these 
final demands by the inverse of direct and indirect and/or induced effects 
gives not only the regional capacities and gross outputs required but more 
importantly, indicates how any proposed set of development alternatives can 
be expected to affect the vital welfare variables, such as income and employ- 
ment, within the region. By making it possible to establish various economic 
objectives for the region, and by examining the effectiveness of alternative 
economic development policies for achieving these objectives, this model can 
be a valuable tool in achieving efficiency in allocation of regional economic 


resources and in improving regional economic welfare. 
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APPENDIX C 


IMPACT ANALYSIS PROGRAM FOR THE 1970 INTERINDUSTRY 
STUDY OF THE MARYLAND ECONOMY 

The Impact Analysis Program (I.A.P.) is designed to supplement the 1970 
Interindustry Study of the Maryland Economy. 1.A.P. is a deterministic pro- 
gram showing the effects that changes in final demand will have on output, 
value added, and employment. 

There are two major sources of data input that go into the I.A.P. The 
first is determined by the user who specifies for what industries there 
will be changes in final demand, as well as the magnitude of these changes. 
The second data source is the 1970 Interindustry Study of the Maryland Econ- 
omy. The data items from the interindustry study are (1) the ratio of value 
added to output by industry, which are shown in the first column of Computer 
Generated Table C.6 of the study, (2) the ratio of employment to output seen 
as column 2 of Computer Generated Table C.7 of the study, (3) the industry 
sector numbers and corresponding names as shown in Table C.8 of the study, 
and (4) the interdependence coefficients [(I-A) inverse] which are taken from 
Table C.5 of the interindustry study. These coefficients are the direct, in- 
direct, and induced requirements per dollar of output delivered to final 
demand. 

The data supplied by the user of the I.A.P., (the specifications of 
final demand changes by industry), are the key to obtaining accurate new 
forecasts of output, value added and employment. Once the user specifica- 


tions are known, the computations of the I.A.P. are quite straightforward. 
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Computations 


The I.A.P.'s computations consist of three basic equations. The change- 
in-output vector is first computed by the following equation set written in 


matrix form: 
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where AX; = the chanee in output of industry i 


AY; = the specified change in final demand for output produced 
by industry j. 


bij = an element in the matrix of interdependence coefficients 
showing the amount of X; per dollar of Yj: 


Equation (la) can be rewritten to correspond to equation set A.4 in 


Appendix A, of the 1970 Interindustry Study of the State of Maryland, as 
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After the change in output vector is computed, changes in value added 
(income produced) is estimated using 
(2) AVA, = cyAX, 
where AVA, = the change in value added by industry i. 
c; = the value added-to-output ratio for industry 1. 


Next the change in employment is computed using 


(3) AE, = dyAX, 
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where AES = the change in employment in industry i 
d,; = the employment-to-output ratio for industry i 
In order to illustrate the use of the I.A.P., computations are made using 
the hypothetical example in Appendix A of the 1970 Interindustry Study of the 
Maryland Economy. The portions of the tables pertinent to this example are 


reproduced below. 


Table I (from Table B.4 of Appendix A) 
Interdependence Coefficients 


Industry sectors 
3 


Table II (from Table B.5 and B.6 of Appendix A) 
Value Added and Employment Ratios 


Value Added- Emp loyment- 
to-Output to-Output 
Ratio Ratio* 


* Output is expressed in thousands of dollars 


-168- 


Assume that the change in final demand in thousands of dollars is as 


follows: 


Table III 


Old Final New Final 
Demand Demand 
(000) (000) 


1. Agriculture | $370,000 $375 ,000 + 5,000 


2. Manufactur- 
ing 570,000 590,000 +20,000 


Services 730,000 740,000 +10, 000 


The application of Talbe I to the change in final demand values is: 


AG: AX, 1. 36 -41 > 5,000 
MFG: |AX5| = 1.04 io 73} - 86 x 20,000 
SVC: | AX o87/ 1B AUS) 1.85 10,000 


The computation of the changes in value added and employment are computed 


using the ratios of Table II and the change in output values. These results 


are summarized in Table IV. 


Table IV 
Summary of Changes in Output Value Added and 


Employment Given the Changes in Final Demand Specified in Table IIT 


Sector 
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It becomes immediately evident that there has been a large increase in 
the output in all three sectors as well as substantial increases in employ- 
ment and value added, i.e. relative to the specified changes in final demand. 
These increases are quite proper when one considers the induced effects 
attached to an increase in the final demand of any sector. 

The results of this hypothetical example correspond to the results that 


will be given by the I.A.P. in actual application. 


Input for Impact Analysis Program 
The Impact Analysis Program requires four basic cards for each case that 
is to be run. A maximum of five cases is permitted per program run (when 
more than one case is programmed, the process is called a "batch") where an 
ending card indicates the end of the batch (or case, if only one). Each card 
has an indicator code (an alphabetic letter) punched in the first card column 
so that it may be correctly identified by the analysis program. 
Figure I shows an example of an I.A.P. form which should be used for 
keypunching the required input cards. The cards indicated on this form are: 
1) The indicator card: This card is the first card to be read 
and indicates that a new case follows. The card must have the letter 
"I' punched in the first card column. The remainder of the card 
should be left blank. 
2) The heading cards: The heading card allows any alpha-numeric 
title to be printed. There are a maximum of five (5) heading cards 


permitted and each one must have the letter 'H' punched in the first 


leor an explanation of induced effects, see the Indused Requirements 


section of Appendix A, 1970 Interindustry Study of the Maryland Economy. 
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card column. 


characters. 


3) ether. 


card: 


= iiyalee 


Card columns 2-72 may contain any alpha-numeric 


This card must have the letter 'L' punched 


in the first card column with the remainder of the card being left 


blank. The purpose of the 'L' card is to signal the end of the 


heading cards and the beginning of the specification cards. 


4) The specifications card: The purpose of this card is to 


indicate the industry sectors and the specifications of final demand 


changes for each industry that are to be made. The indicator code 


for this card is the letter 'Y' punched in the first card column. 


Four industry sectors plus specification changes are allowed per 


card with a maximum of 23 cards being needed if all 92 industry sectors 


were to be changed. 


The punching format for this card is: 


Col. 


Col. 


Cole 


Col. 


Col. 


Cols 


OR 20 


22-3) 


34 34 © 


37-46 


49,50 


52-61 


the indicator code 'Y' 

first industry sector number being specified 
specification of final demand changes for 
industry in columns 4, 5 

second industry sector number being specified 
specification of final demand changes for 
industry in columns 19, 20 

third industry sector number being specified 


specification of final demand changes for 


industry in columns 34, 35 


fourth industry sector number being specified 
specification of final demand changes for indus- 


try in columns 40, 50. 


Ses 


When punching, the industry sector numbers should be right justified. The 
specifications of final demand values should have the decimal point (if any) 
punched, otherwise the value must be right justified. 

The above four cards may be repeated, in order, for a maximum of five 
cases. After the last case a terminal card is needed. 

5) The terminal card: This card indicates the end of all the 
cases and must have the letter 'T' punched in the first card column. 

The remainder of the card should be left blank. 

Following the terminal card are the data decks that are supplied with the 
Impact Analysis Program. 

The data that are supplied with the Impact program consist of the employ- 
ment-output ratios, the value added-output ratios, the industry sector names, 
and the (I-A) inverse matrix (interdependence coefficients). The four data 
decks are lumped together into one larger deck in the following order: the 
employment-output ratios which are on the first eleven cards (for a total of 
92 industry sectors), the next eleven cards contain the value added-output 
ratios (for a total of 92 industry sectors), followed by 92 cards containing 
the industry sector numbers and their corresponding sector names, and finally 
the (I-A) inverse matrix which consists of 1023 cards. The (I-A) inverse 
cards are in order by column where the first two digits indicate the column, 
the next two digits the card number (so that the order of the card deck may 
be preserved) followed by. the values of nine rows. There are a total of 
eleven cards for each column which represents a total of 93 rows (although 
only a 92 x 92 matrix is actually used in the computations). 

The last card following the data deck must have a 99 punched into the 


first two card columns. 


ape 


The Error Messages 
Within the Impact Analysis Program there are various checks on the values 
of certain key parameters. If an error is detected during a check sequence, 
there will be an immediate cessation of the program, accompanied by an error 
message. The error message will have the form "ERROR TYPE, XX, SEE INSTRUC- 
TIONS,'' where the error types are defined below with accompanying correctional 
steps that should be taken. 
Error Type 
1 
Reason for error message: Program attempts to perform more than 
the maximum five cases permitted. 
Correctional steps: 
1) Check to see that no more than five cases are being 
attempted. There should be no more than five cards where the 
indicator code (first alphabetic letter on each card) equals 'I'. 
2) Check indicator codes on every card for each case, only 
one indicator code 'I' is allowed per case. The last card after 
all the cases must have an indicator code of 'T’. 


Error Type 
2 


Reason for error message: Program attempts to read more than five 
heading cards. 
Correctional steps: 
1) Check heading cards. Only five heading cards are allowed 
per case and each card must begin with the indicator code of 'H'. 
2) Last card after heading cards must have an indicator code 


@i "4 


-17h- 


Error Type 
3 


Reason for error message: Program attempting to read a heading card 
encounters a card with an indicator code other than 'L' (for end 
of heading cards) or 'H'. 
Correctional steps: 

1) Check all heading cards to be sure each starts with an 
indicator code of 'H'. 

2) Be sure last card after the heading cards has an indi- 
cator code of 'L'. 


3) Check order of all cards for each case. 


Error Type 
4 Reason for error message: Program has encountered an industry 


sector number greater than 91 when reading the cards that specify 
the final demand changes by industry. 
Correctional steps: 

1) Check specification cards for a mispunched industry 
number. The only valid industry numbers are 1 thru 92, as shown 


in Table C.8 of State of Marvland interindustrvy study. 


Error Type 
5 


Reason for error message: Prior to filling the specifications of 
final demand matrix, each cell of the matrix is checked to be sure 
a value has not been previously antered. 


Correctional steps: 


1) Cards specifying final demand changes must be checked for 


WS 


mispunched industry sector number. This error type can only occur 
if there are 2 or more industyvy sectors having the same industry 


number punched for any one case. 


Error Type 
6 


Reason for error message: Program attempting to read coefficient 
matrix cards has encountered a wrong sequence in the column to 

be read in. 

Correctional steps: 

1) Check order of coefficient matrix cards. The coefficient 
matrix is read into the program in sequential order from column 1 
to column 93 where each column contains 93 elements. 

The coefficient matrix cards have indicators so that the 
matrix mav be kept in the correct order. The first 2 digits indi- 
cate the column number (from 1 thru 93), while the next 2 digits 
indicate the card order for each column (i.e. there are eleven cards 


for each column, numbered from 1 thru 11). 


i i oh : 
a eae aN 
1 ‘ z " 
{ abe aula = ii zy ea 4 1%, ae: , ; f 
\ SS Mee ooh Tiree! RT H es ' 
A Nua ae ai ok, i , - ae ee ee 
CM go a Wee smell cavum dita 
: i a ae a cae a° SMBs 
“ i i ! | 
1 : 
: 
f x 
i ; Loita sali ie he bg Pa NED rag bs 
TS.» Apne Sy Teper Baa et ws sire icariieetie a 
Ena : i en ay ee » PARE SER Y 
ne A Oa ee ee aay FE OR SA ee ee ne a 


2 


And teres bas SoS 


whbat parsrbesibst ial FORE SEA SF a SR ae 


Fate SSal GA! a 


BERS ol COPE | on CO ee 2 bie 


_ 


nie 
$A 1 DwaT 


Fag ve 
sha , 


gw 20 = Wey ee 

A te Be ay 
SON 
eee te 


iw ey 
ays) 


ae ee 


rete teeta 
mater acne ante yet 


ie Nwarocamrgee 
Dee tens 
Awe: > 


i Mg 
AS 


zh Sena pain ia NN 
Se ane Ae re 


OF wee ee 
ON eee 


Sina ten 


SS 


wets 
e" 


fein y 


=" 


